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I. Title of the Invention 
Plasma Processing Equipment 

II . Claims 

1. A plasma processing equipment in which a plasma is 
generated in a vacuum vessel and the surface of a sample arranged 
in said vacuum vessel is treated by use of this plasma is 
characterized by providing with a shield which is arranged 
between the sample and the inner wall of said vacuum vessel and 
shields the inner wall of said vacuum vessel from the plasma and 
a coolant introducing pipe for introducing a coolant for cooling 
said shield into the vacuum vessel, 

III. Detailed Description of the Invention 
[Field of Industrial Application] 

This invention relates to a plasma processing equipment in 
which a plasma is generated in a vacuum vessel and the surface of 
a sample arranged in said vacuum vessel is treated by use of this 
plasma and relates to the constitution of said plasma processing 
equipment for quickly carrying out a plasma cleaning for removing 
reaction products depositing on and adhering to the inner wall of 
said vacuum vessel in the plasma processing. 

[Prior Art] 



lumbers in the margin indicate pagination in the foreign 

text . 
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In a plasma processing equipment for treating the surface of 
a sample such as a wafer, etc. by use of a plasma like a plasma 



CVD equipment, as represented by Japan Kokai 61-133386, a shield 
for shielding the inner wall of a vacuum vessel from the plasma 
must be arranged to prevent contaminations of heavy metals due to 
Cr, Ni, etc. generating from stainless steel for constructing the 
vacuum vessel. However, reaction products deposit on the inner 
surface of this shield in the plasma processing and soon peel 
off. They adhere to the sample surface and become a reason for 
inferior goods, adhere to O-rings for keeping the vacuum to cause 
vacuum leak and lower the operation rate. 

A plasma cleaning process represented by Japan Kokai 60- 
59739 is given as a prior art for improving these drawbacks. A 
plasma cleaning gas composed of an etching gas, etc. is made into 
a plasma and the plasma acts on the wall of object to be cleaned 
to remove the adhering matter of said wall, but the process had 
such a disadvantage of long cleaning time. As a countermeasure 
with it, the applicants same as in the present invention formerly 
proposed a process (in the course of application, and the 
application number is unknown) in which a cusp magnetic field is 
generated in a vacuum vessel, this magnetic field is allowed to 
act on a plasma to collect the plasma on the circumference of £2 

-wal-1- o-f--ob-]ec-t- to-be -Gleaned 7 - and- the .cusp -magnet .i.c_..f.i.e.l.d_i.s 

moved in the up-and-down direction of a shield to clean it 
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efficiently. . 

[Subject to Be Solved by the Invention] 

When the plasma cleaning is carried out by a cusp magnetic 
field, the plasma is concentrated on a part of inner wall of a 
shield to heat it. According to Japan Kokai 63-254731, the 
heating of shield shortens the plasma cleaning time, on the other 
hand, it is feared that the base material of shield itself 
evaporates if heated too much. Therefore, the plasma density is 
restricted and there is a limitation in shortening the cleaning 
time. 

Moreover, even if the cusp magnetic field is not used, the 
energy added into the plasma is increased so as to shorten the; 
cleaning time, the shield is abnormally heated and there is a 
limitation in shortening the cleaning time likewise. 

The purpose of this invention is to provide the constitution 
of a plasma processing equipment which enables a cleaning of 
objective wall without a restricting the plasma density and 
thereby sharply shortens the cleaning time than before. 

[Means for Solving the Subject] 

To solve the above subject, in this invention, a plasma 
processing equipment in which a plasma is generated in a vacuum 
vessel and the surface of a sample arranged in said vacuum vessel 

-is -t reated -by— use of -th-i-s -plasma is characterized_by„prov_iding 

with a shield which is arranged between the sample and the inner 



wall of said vacuum vessel and shields the inner wall of said 



vacuum vessel from the plasma and a coolant introducing pipe for 
introducing a coolant for cooling said shield into the vacuum 
vessel . 



[Functions] 

Thus, abnormal heating of the inner surface of shield is 
prevented and the regulation of flow rate of a coolant introduced 
from the external of said vacuum vessel according to the plasma 
density which becomes a reason for the abnormal heating is also 
made possible by taking an equipment constitution wherein a 
sample and the inner wall of a vacuum vessel are isolated with a 
shield and the shield is cooled with the coolant, therefore this 



invention enables a plasma cleaning using a cusp magnetic field 
without evaporation of base material of said shield until the 
possible maximum plasma density and sharply shortens the cleaning 
time than before during the cleaning. 
[Actual Examples] 

First, a microwave plasma CVD equipment of Fig. 5 is 
illustrated as one example of the plasma processing equipment 
taken as target by the present invention. A space enclosed by a 
plasma-generating chamber, a reaction chamber 2 and a microwave 
transmitting window 5 i s v acuum exhausted by a non-illustrated 

exhaust system v-i-a an exhaust outlet .16 A_mi.cr.awa.v-e-10 

introduced from the atmosphere side via a waveguide tube 15 



transmits the microwave transmitting window 5 to generate a 
plasma 20 by ionizing a plasma-generating gas 12 (e.g., nitrogen: 
N 2 ) . 

The plasma 20 is poured on a wafer 3 of a wafer support 
platform 4 placed in the reaction chamber 2 along a magnetic 
field formed by a first solenoid 7 arid reacts with a reacting gas 
13 (e.g., silane: SiHJ to form, e.g., a silicon nitride film. 
Sometimes a RF bias is applied to the surface of wafer 3 by a RF 
power source 14. A window 6 prevents the divergence of said 
plasma 20 outside the surface of wafer 3. Moreover, an exciting 
current is not supplied to a second solenoid 8 in the surface 
treatment of said wafer 3, therefore the second solenoid 8 does 
not produce a magnetic field. 

Next, a plasma cleaning is illustrated. Reaction products 
deposit on the inner surface of a shield 17 in the plasma 
processing and then peel off. The plasma cleaning is carried out 
in some period of said plasma processing to prevent it. In the 
plasma cleaning, a plasma cleaning gas 11 such as an etching gas, 
etc. is fed to the plasma generating chamber 1 in place of the 
plasma generating gas 12 and a microwave 10 is introduced to make 
the plasma cleaning gas into a plasma, e.g., as shown in the 
drawing, the plasma is led to the inner surface of said shield 17 

_along_ a_jc.usp_magnet i_c . field „_22 ge_nejTja^ted_irLjLh^^i3LSt^ and the 

second solenoids 7, 8 to collide with the surface, and the 
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reaction products deposited on the inner surface of shield 17 are 
removed by the etching effect of a plasma cleaning gas. Thus, the 
removal of said reaction products on the inner surface of shield 
17 can be carried out alternately with the plasma processing only 
by switching operation of valves. 

Fig. 1 shows one actual example of present invention. In the 
drawing, same symbols are attached to same members as Fig. 4, 
thus their description is omitted. A cooling tube 18 is wound 
on the cylindrical shield 17 and a coolant 19 (e.g., water, 7 3 
freon, etc.) is circulated. The shield 17 is commonly made of 
aluminum to prevent contamination of said wafer by heavy metals 
and has a large cooling effect because of good thermal 
conductivity. The inlet and outlet of said coolant on the wall of 
said vacuum vessel take an air-tight structure and said cooling 
tube 18 on the shield side and the coolant inlet tube 25 on the 
vacuum vessel side are joined via a non-illustrated connector, 
which enables to remove the shield 17 independently in a state 
integrated with the cooling tube 18 during maintenance and 
management of the system. Moreover, in the drawing, symbol 21 
shows flows of cleaning plasma led to the inner surface of said 
shield 17 by the cusp magnetic field generated by the first and 
the second solenoids 7, 8. 

Fig-. -2 --shows- another -actual -example- of .present .invention. _ _In 
the drawing, same symbols are attached to same members as Fig. 1 
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and Fig. 5, thus their description is omitted. The shield 27 
takes a double cylindrical structure, and the coolant 19 is 
circulated to cool the shield 27. 

Fig. 3 and Fig. 4 show the structures of said shields 17 and 
27 used in the equipments of Fig. 1 and Fig. 2, and windows for 
plasma measurement are formed in the shields. The number of 
windows is taken to be plural, e.g., probes are inserted from the 
atmosphere side to the inner side of shields via the reaction 
chamber 2, thus information of plasma and sample can be obtained 
in the plasma treatment. 

Furthermore, cases of applying the present invention to 
microwave plasma CVD equipments in which a plasma generating gas 
12 is made into a plasma at a high density by a resonance effect 
of a microwave and a magnetic field generated in the plasma- 
generating chamber 1 by the first solenoid 7 in the both actual 
examples shown in Fig. 1 and Fig. 2 as plasma processing 
equipments, but all plasma processing equipments using a high- 
frequency power source, a direct-current source or their 
combination are included in the present invention. The plasma 
cleaning can be carried out efficiently at a proper high 
temperature for not evaporating base material of the shields 17, 
27 by feeding the coolant 19 in all the equipments while a plasma 

_c.leani.n.g gas.._is .made intp_ a _plasma__unt il__a_ poj^^bl^ jnaximurn 

plasma density of equipments by supplying the coolant 19 via a 



8 



valve with a flow rate controllable valve. 
[Effects of the Invention] 

As described above, a plasma processing equipment in which a 
plasma is generated in a vacuum vessel and the surface of a 
sample arranged in said vacuum vessel is treated by this plasma 
takes a constitution provided with a shield for shielding the 
inner wall of said vacuum vessel arranged between the sample and 
the inner wall of said vacuum vessel and a coolant introduction 
pipe for introducing a coolant for cooling said shield into the 
vacuum vessel, therefore this invention enables to prevent a 
temperature rise of said shield even if the shield is cleaned by 
a plasma with a higher density than that in the conventional 
plasma processing equipment, efficiently remove reaction products 
deposited on the inner surface of said shield at a proper high 
temperature by regulating the flow rate of said coolant 
introduced into the vacuum vessel and sharply shorten the 
cleaning time than before. 
IV. Simple Description of the Drawings 

Fig. 1 is longitudinal cross-sectional view showing 
constitution of plasma processing equipment based on one actual 
example of present invention, Fig. 2 is longitudinal cross- 
sectional view showing constitution of plasma processing 
equipme nt based on _^ndther actual exampl e of present invention. 
Fig. 3 and Fig. 4 are front views showing appearance of shields 
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in Fig. 1 and Fig. 2, respectively, and Fig. 5 is longitudinal 
cross-sectional view showing constitution example of conventional 
plasma processing equipment. 



1 : plasma generating chamber 

2 : reaction chamber 

3 : wafer (sample) 

5 : microwave transmitting window 

17,27 : shields 

18 : cooling tube 

19 : coolant 

20 : plasma 

25 : coolant introducing pipe 



10 



© h * m & & ft ( j p) © ft m m & m 
m *#fF^$£ (A) ^3-104222 



©Int. CI. * 

H 01 L 21/302 
21/205 
21/31 



N 

c 



8122-5 F 
7739— 5 F 
6940— 5 F 



©Am ^3^(1991)5^10 



gg ¥1-242474 
©til m ^1 (1989) 9^193 

®m m m h m x m. nzummmmmizmmmm i#i^- 
is a s ±m®&ijK;&it ^)\m)mmi\ms.mjama i # i # 

@ft 9 A #S± ill □ Jft 



PTO 2001-3734 

S.T.I.C. Translations Branch 







91 10 


m 


l. ft 9! 0 « ft 


7 7 


X v in 


a & * 


z » Hp 1* Jft © R 


m 






l> X 2 9 S t 


r v 


X -r * 




* « Jfl 0 T IS X 




33 ft u: 




& IS f * r v X 




a & ar 




» 8 a t © nn 


tC £ 




Xffiearta^r^ x 




•> — 






* /ir «6 cd 5* fli OE 


ft * 


X £ £ 




& £fl & ft & A 9 


K £ 


* m a. 




? x *a a « * 








a ft w o & a * 








( m m ± © n m 




) 





c 0 ft 91 u . xa^HrtTr^xv^/fefiRc 

wOr^X^t^jfflUTttXa^HrtuiiEiHfc 

5lC4JRttBt4 Ofc^or 7 ft £ ifl ifi ic *t 

( fit * 0 BE ft ) 





r 7 


X-7CVD»S©«k-5c. 


r 5 


X v ^ 








T ^ 




a r 


* r 7 


X 


V 




fS % 


K c * t* T I* * X$9D« 


« AS 


r i x 


y- 






x fl 


*^ £ ft £ * Cr. Ni^C 


« ft 










it r 




3 3 


8 6^ 


^ 






re * 


* n * j; * c xa^flrt 


2 m 


^ r ■? 


X 








its r * •> — v * tk \t * & 


5? i>< 


* £ # 










© •> — Kort&Batittr 


v X 


^ &a 










Jt£ «J *< *t£ tt L . *< T « tt 


t h 


• c n 




K 




A H 






*) . 


X 






« ft 


r s o y vtrcft*L,TX 




n * ig 








X 0 


» *& * * teT £ * * . 












^ *i 






6 0- 


s 


9 


7 


3 9 






te a< 














7* 7 x 


"7 








2 ? 7 X t it U > C<i*iffe 


m « 


* 2 ffi 


IZ 








T3EH0f<f*«!>*|*£r* 


b 0 


T J!> 4 


& 




% 




IS! i< £ n ^ *< * o 




© « 


m t 






*Bl^:^-dlBIA^6^^l. X 








r 


& a 


*ft£*-*> C0«t»*r 


7 X T C ft 


ffl 





-127- 



07/20/2001, EAST Version: 1.02.0008 



* t ft *f * fi off © r m ± iz r 7 x t % & » . * 

* *l . * . M ag 6 3-2 S 4 7 3 I * & « C * *i 

* *< * — * . Ira « * h jg ^ r s •> - k a « ^ © 

Ruse*-*?*******, tt» 
ft*«»nn 6a«cjs»$h*7*7x^ 



ttCfl ¥3-104222 (2) 

a. Ka«»rt-er*x^*4fefti, % c: <o r * x 

^ftiarir^x^fcg^a^^ k * x 2 $ » 
waioRflK:fle$HttX2$»rt«*r7Xv^x 

( fl?m ) 

****** ^fcT-JX-TfcfrOBlct^ pjjjgjft 



( 35 fit W ) 

-WtLT. S 5 0 (0 v << # oft 7" ? XvCV D 

*^&**Xl2(et*tfS(* : N ,)* 4 * yft ^ 
T T 7 X 204 £ « *■ * . 

7* 5 X -r 20 tt H l v u y ^ n'4«4*t«KI» 

~ 3 C t± ? P * « 1 4 K <fc *> B P ✓< W T**Blfc|**l* 

* T _jr_ 6 .- tt r _ --^-^ ^ ^ _ _ ^ a( gg m 

fe S * a ff 2 v u y *r k 8CttE&ittWii*<(fttA* 

tt-»T»2 7U/ < K8ltfQJl£&fti« 



i7<orta5K:tt. * * *-**aa + c«tt&ftfl,*jfc 

r^xv&frtt, 7*7X^ift*-xi2<oft*)cx 
v^v^^A)a<!ro7*5X^tt^^ xll ^ r - x 

£ft S i tZlfkM T & £ £ fcti^^ -7 a&io^fil 

ALxr7X*7tt»^^«rrXv/fcL. z ti * 

M * tf BT © * 7 c 3 1 . m 2 v u y k 7 . 8 

c * ^ T % 35 $ * . f - /U n70rt«Hc*«u 
Ul54iSfttr7X7i j t^ooi y * v ^ ft: 

© fi* $ 4 n, ? 0 Q ty tf^Jftfl? K MXjT 7X7<5 

Br&E-<D«»K:ttH-»**(fL, % ft 91 * 

f * . PJ tt © s/ - /u v we ti ?t £0 18*< « 4 <<f 



- 128 



07/20/2001, EAST Version: 1.02.0008 



T *> *) . & i 9 < 6* * tf * . 7 o y 4 4; ) A< (fl 

*< £ © t # & & u: * * ^ . 'Zi^ixoxs? 

0 e * t« T * fj 2 1 ti . 3B1, 3* 2 V 

*> - ^ n7ow4fflc»^n*tt»fflr 5 x ~7 <d 

2 HO SSICffl hft ^ * £/ - A/ K17* J; OfZT 



WHO ¥3-104222 (3) 
o«ja**r<>©T*»). •> - /i/ k c r 7 x 7 it 

*&©£*<#&;* *ITV** # 36©tttttI»£L* 

* 1 v u / <r n^r^tsstsiflc^jfit 

*«»£©#*&*£«* ♦> 7-yX^^J5K^X12^ 

SfCKcr^xvrtit* 7-1 ? « 7* * x c v 
o » a k * » # * a ^ u * * ^ * ^ L r t , $ a< s 
7 5x~T<D*kfsnzmmi6L*m. ttLtinim* it it z 

^*«9it:!a*$n« . ^ r n © a at k t <> 

C £ K J; . 3$ » © aj 18 « * © r 7 X ffi £ 4 T 
^vft^^/x X 7 ^ L -3 % ^ — k 

17. 27© a «* * 3* £ * «c i* a s <o w a -c r * x 
c a w © fti m ) 



*s«M«trfle*n/i:i«m©ftao*togr*r7 

X & II B » * . K«£JC2«Srt2£©P«1*cK 
•>-^K©fflflCJi»*<Wih$n. X S # H « 4C * 

A*n«7&fiittE(*:©«M*ia»UTig2:©«iaT 

> ~ ju K©rt&ffiu:ig«Lfc £ & «5 * & * .fc 
4. 0ffl©ia«t>5c6igi 

«iatt*jfeBfl(D-^ttwcj;*r7X7fta 
■ r-Ki-ws-w-H— ©~m 

©*»wt3«fc«r7x-r«ia8ix©w«c*^rw 
w © ta. »3fiusj;c;»4iaii**ifn»iia* 

*C5»20fcfctj^^-n/K©#tt*^-riE8Ql2K 



as h 1* tt * © r 5 x-rtea35at©»*«*^r 

8 »r Hi @3 t * * . 

I : 7* * X v £ fft £ 2 3 
^ ( tt*U . 5 : ^ -< ^ a »iSa«f . 17. 27 : •> 
- * K * 18: * *! * * 19: ft & fit # . 20: r 7 X 



07/20/2001, EAST Version: 1.02.0008 



19 Ell 73-104222 (4) 




& 5 m 



-130- 

07/20/2001, EAST Version: 1.02.0008 



Searching PAJ 



http://www1. ipdl. jpo. go. jp/PA1/result/detai l/main/wAAAa26942DA403104222P1. ht 



PATENT ABSTRACTS OF JAPAN 

( 1 1 )Publication number : 03- 1 04222 

(43)Date of publication of application : 01.05.1991 



(51)Int.CI. 




H01L 21/302 








H01L 21/205 








H01L 21/31 




(2 1 Application number : 


01-242474 


(71) Applicant : 


FUJI ELECTRIC CO LTD 


(22)Date of filing : 


19.09.1989 


(72)Inventor : 


ISfflOKA fflSAMICHI 



(57)Abstract: 

PURPOSE: To provide a plasma cleaning apparatus capable of substantial 
reduction of time required for cleaning by a structure that comprises a shield 
for protecting the inner wall of a vacuum chamber and cooling pipe for the 
shield. 

CONSTITUTION: Cleaning gas 1 1 such as an etching gas is supplied to a 
plasma chamber 1 , and microwave 10 is applied to produce a plasma of the 
cleaning gas. The plasma is guided along the field furnished by first and 
second solenoids 7 and 8 onto the inner wall of a shield 1 7. As a result, 
reaction products on the wall of the shield are etched away. A cooling pipe 
18, in which coolant 19 is circulated, is wound around the cylindrical shield 
17. When the shield is cleaned by a high-density plasma, therefore, the shield 
is kept from heating. The flow rate of the coolant to a vacuum chamber is so 
adjusted that the reaction products on the inner wall of the shield is effectively 
removed at controlled temperature. This results in a substantial reduction in 
time required for cleaning. 
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